Objectives: To determine whether caries experience in late childhood (aged 7-9 years) was predictive of adolescent obesity (ages 12-16 years) to inform the use of a common risk factor approach (CRFA) for prevention. Methods: A cohort study was conducted in an area of North West England. Clinical assessment of caries took place using the same methodology at ages 7-9 years and 12-16 years. Body mass index (BMI) category was calculated from height and weight measurements using age and gender specific cut-offs at 12-16 years only. The association between dependent variable (BMI category dichotomized as underweight/normal and overweight/obese) and explanatory variables (baseline and follow-up dental caries and sociodemographic status) adjusted for age, was assessed. Results: At baseline, 5,470 (96.8 percent) participants took part and information was available for 2,958 (54.1 percent) participants at follow-up. Univariate analysis indicated that BMI category in adolescence was not shown to be significantly associated with: the presence or absence of caries in late childhood (P 5 0.61); in adolescence (P 5 0.06); gender (P 5 0.91); or deprivation (P 5 0.35). Multivariate logistic regression indicated that BMI category in adolescence was not predicted by caries in late childhood or adolescence, after adjusting for sociodemographic variables. Conclusion: Caries and obesity were highly prevalent in this population. Caries in childhood was not shown to be associated with obesity in adolescence and there was no cross-sectional association between the two diseases in adolescence. A CRFA is not precluded, however, the results suggest that additional interventions, specific for each disease, are required to prevent obesity and caries.
Introduction
The global prevalence of obesity in children has increased substantially in recent years (1) . In England, adolescent (11) (12) (13) (14) (15) years) prevalence of overweight and obesity increased from 28 percent (male) and 30 percent (female) in 1995 to 36 percent (both genders) in 2013 (2) . Children who are overweight or obese in adolescence are more likely to become obese adults with associated increases in morbidity and mortality (3) .
Dental caries, like obesity, is a highly prevalent condition in childhood and adolescence with a whole-life impact. The 2013 UK Children's Dental Health Survey in England found 46 percent of 8 year olds and 46 percent of 15 year olds had decay into dentin in their primary and secondary teeth, respectively (4) .
Sheiham postulated that a common risk factor approach (CRFA) to prevent conditions with a commonality of determinants would be more efficient and effective than disease-specific stratagems (5) . For example, dietary sugar has been postulated as the common determinant in both caries and obesity. However, there is limited high quality evidence to demonstrate an association between caries and obesity in this age group (6) (7) (8) (9) (10) , with marked heterogenity between studies making comparison challenging. While average sugar consumption and obesity prevalence have increased over the last three decades (2, 11) , caries prevalence has decreased (4). Moynihan (12) and Scientific Advisory Committee on Nutrition (SACN) (13) reported moderate evidence for the role of sugar in dental caries in childhood, however, there was insufficient evidence for an association between sugar and obesity. Burt's (14) systematic review of sugar consumption and caries risk suggests that due to the modifying effect of fluoride, sugar consumption is less of a risk factor for caries in the modern age.
There are few studies available which explore the longitudinal relationship between caries and obesity in childhood and adolecence (7) . The majority of previous research exploring the relationship has been cross-sectional; however, both caries and obesity are chronic conditions. The time taken for an association to manifest, and how the relationship changes with time, are unclear. Levels of obesity in childhood change with age and are associated with different causes in childhood and adolescence (6, 15) . Further research is recommended to assess the longitudinal relationship between obesity and caries, using a systematic approach with universal measures (7, 9) .
This study therefore reports the longitudinal relationship between caries in late childhood (aged 7-9 years) and obesity in adolescence (ages 12-16 years). The aim was to explore whether childhood caries experience was indicative of adolescent adiposity to inform the use of a CRFA for prevention.
Methods
The study design was a cohort study conducted in statefunded schools in an area of North West England from February 2006 to July 2013. The area was chosen because of the comparatively high caries prevalence in children and the absence of a fluoridated water program (16, 17 Lancashire were invited to take part in the study. The study population was all children registered in Year 3 (aged 7-9 years) at participating schools in September 2005. There were 207 primary schools in the area and 190 (92 percent) agreed to participate. Seven primary schools declined, three were closing and seven had fewer than 10 pupils in the age group.
Follow-up examinations were conducted in consenting state-funded secondary schools (N 5 36) during two periods: June 2011 to January 2012 and October 2012 to July 2013 (Mean 81 months, SD 5 8.6). Children attend these schools from 11 to 16 years. In the study, locality 27 (75 percent) secondary schools agreed to partcipate. One school was closing and the remainder declined. If participants were examined at both follow-ups, then the last recorded data were used.
Two weeks before each assessment, potential participants in consenting schools and their parents were sent Participant Information Packs. In primary schools, participants who did not opt-out and presented for examination were deemed to have provided consent. A total of 6,167 children attended consenting schools and 5,470 (88.7 percent) participated. In secondary schools, as per ethical approval, positive informed consent was obtained from the participants, with 2,958 (54.1 percent) agreeing to take part. Information on non-responders at baseline and follow-up was collected.
The schools provided individual level date of birth, gender, and home postcode data. A postcode is assigned to a geographical area usually comprising up to 25 houses. Postcodes were used to provide a small-area measure of socioeconomic status to each participant, based on national quintiles of the Lower Super Output Area (LSOA) Index of Material Deprivation 2010 (IMD, 2010) (18, 19) . IMD Quintile 1 was the least deprived and IMD Quintile 5 was the most deprived category. The earliest recorded was used because caries and obesity do not demonstrate changes associated with social mobility (20) . Ethnicity was reported by the parent at baseline according to nationally agreed categories and coded as White, Asian, Black, Chinese, mixed, or other (21) .
The intra-oral assessments were conducted by eight dentists using a UK national caries calibration and diagnostic protocol (21) (22) (23) . Three dentists took part in follow-up only. Caries assessment was visual only using a standardized light source and radiographs were not taken. Caries was recorded as present if a tooth had a visible cavity into dentine (d 3 /D 3 ). The number of decayed (D 3 ), missing (M), and filled (F) secondary teeth were summed to calculate individual whole mouth D 3 MFT scores. Teeth that would typically have exfoliated or been unerupted for the age of the child were not recorded as missing.
A nationally recognized gold standard dental examiner provided pre-assessment training to the dentists and acted as the reference standard in calibration exercises conducted in a similarly aged group of children before each examination. At age 7-9 years, primary teeth are exfoliating and secondary teeth are erupting and the status of both was recorded.
Baseline calibration ranges were sensitivity 0.98-0.89, and specificity 1.00-0.99. At follow-up, only the status of secondary teeth was recorded as most primary teeth had exfoliated. Calibration ranges were sensitivity 1.00-0.82 and specificity 1.00-0.99. Pre-calibration and intra-examiner Kappa was 0.82.
This aggregated score was recoded for each individual as caries free (D 3 MFT 5 0) or caries active with at least one decayed, missing or filled tooth (D 3 MFT > 0). This was used to calculate caries prevalence (proportion of participants with caries at each time point). The same process was followed for caries in the primary dentition at the baseline examination. This was coded as caries free (d 3 mft 5 0) or caries active (d 3 mft > 0).
At follow-up, five trained research assistants collected height (cm) and weight (kg) measurements. Participants were measured in light clothes without shoes and coats. No adjustments were made for clothes. Weight (kg) was measured to the nearest 0.1 kg using a calibrated Marsden precision digital weighing system. Height (cm) was measured to the nearest 5 mm with a stand-on Leicester height measure. Measurements were conducted in accordance with the guidance of the National Child Measurement Programme England (24) .
Weight category was calculated by comparing individual BMI (body mass index, kg/m 2 ) scores to age and gender specific threshold, or centile values of a reference sample (UK90) recommended for population monitoring (25) (26) (27) ).
• Underweight: equal to or below 2nd centile • Healthy weight: above 2nd centile and below 85th centile • Overweight: equal to and above 85th centile • Obese: equal to and above 95th centile
The population was recoded as "underweight/normal weight" or "overweight/obese."
No treatment was provided but participants were advised if oral pathology was noted and could ask for their height and weight measurements. All potential participants were advised as to how appropriate health care could be accessed.
Analysis
Descriptive and inferential statistics were calculated, using Statistics Package for Social Sciences (SPSS 22.0, SPSS Inc., Chicago, IL, USA). The study population and frequencies distribution of co-variates (gender, ethnicity, quintiles of deprivation) was described at each time point and proportion of children with caries calculated for all participants.
Bivariate analysis (v 2 test) was used to assess the association between BMI category at follow-up (underweight or healthy compared to overweight or obese), with independent variables gender, ethnicity ("White" and "Asian or other"), deprivation, and caries prevalence in late childhood and adolescence. The level of statistical significance was set at P < 0.05. Binary logistic regression analysis was performed to determine the probability of BMI category (UNDERWEIGHT/ NORMAL AND OVERWEIGHT/OBESE) in adolescence from variables; caries in late childhood, adjusting for caries in adolescence, gender, ethnicity, deprivation, and age at follow-up (6).
Results
The study flowchart is presented in Figure 1 . On the day of the first study visit, 366 children were absent leaving 5,649 children available to provide consent of whom 5,470 (96.8 percent) participated. Consent was withheld by 118 parents and 61 children. At follow-up, consent was obtained from 2,684 at first follow-up and 2,466 at second follow-up. Thus data were available for a total of 2,958 (54.1 percent) participants at follow-up. This represented a loss to follow-up of 45.9 percent with 304 absentees and 216 refusals. Participants (n 5 5) were excluded from analysis as the study team failed to report weight or height. There were 1,992 participants in the baseline data set who did not attend schools that agreed to participate at follow-up.
The characteristics of participants at baseline and followup are presented in Table 1 There was no significant difference between the gender of participants and non-participants at baseline (P 5 0.12) or those lost to follow-up (P 5 0.77). The ethnicity of participants and non-participants at baseline (P 5 0.33); and with those lost to follow-up (P 5 0.57) was also not found to be significantly different. There was a significant difference between participants and non-participants at baseline with fewer participants from the most deprived category at baseline (P 5 0.02). This difference was not evident between participants at baseline and lost to follow-up (P 5 0.07).
At baseline, 26.7 and 87.2 percent of participants were caries-free in the primary and secondary dentition, respectively. Caries mean was d 3 mft 3.47 (SD 5 3.12) and D 3 MFT 0.28 (SD 5 0.73). In the caries-present group, mean primary caries was 4.66 (SD 5 2.82) and mean secondary caries was 0.38 (SD 5 0.83). Follow-up examinations took place between 62 and 88 months after the baseline examination (IQR 83-87 months). At ages 12-16 years, 49.5 percent of particpants had no caries experience in the permanent Relationship between dental caries and obesity E.P. Hall-Scullin et al.
dentition, with mean D 3 MFT 1.39 (SD 5 1.99). In the cariespresent group, mean caries was 2.82 (SD 5 2.00).
The BMI categories at ages 12-16 years are summarized in Table 2 . The proportion of particpants who were overweight or obese was 24 percent. Underweight prevalence was much lower; 1.9 percent of males and 1.4 percent in females.
Weight category in adolescence was not shown to be significantly associated with the presence of caries in late childhood (v There was a statistically significant association between BMI category and ethnicity (v 2 5 4.99, df 5 1, P 5 0.02) (Table 3 ). More participants classifying themselves as from an Asian or other background (27.4 percent) were classified as overweight or obese, than participants from a white background (23.3 percent). Odds ratio coefficients with 95 percent confidence intervals (95% CI) and P-values are reported in Table 4 . 
Discussion
The longitudinal relationship between caries and weight category in the transitional period from childhood to adolescence is a neglected research area. There is a focus in the literature on studies using a cross-sectional methodology. To our knowledge, this is the largest study to investigate the longitudinal relationship between caries in childhood and weight category in adolescence. The study could not demonstrate a significant association between caries in late childhood (ages 7-9 years) with weight category in adolescence. The results suggest that using caries experience in late childhood to predict obesity in adolescence is unlikely to be successful. In adolescence, although we did not demonstrate a significant association between caries and obesity/overweight, it does approach significance. This may suggest a change in risk factors for caries and obesity with age. It is consistent with the findings of the systematic review by Hayden et al. (6) that suggests that there is a small association between obesity and level of caries in the permanent dentition that increases with age. However, a later systematic review by Li et al. (9) did not repeat the finding. Both reviews found there was marked heterogeneity in the literature. The contradictory findings could be attributed to different outcome measures employed by different studies (6, 9) and, as reported by Hooley et al. (7) , to variations in methodology.
Lempert et al. (28) in a smaller study (n 5 385) reported similar findings to our study. An association between caries in late childhood and obesity in adolescence, or an association between obesity and deprivation were not demonstrated. It has been postulated that detecting non-cavitated early carious lesions is necessary to confirm the relationship between overweight/obesity and caries experience (7). However, Lempert et al. diagnosed caries by radiographic examination. This allowed caries diagnosis at an earlier stage but still did not demonstrate an association with obesity.
We approached the study from a public health perspective and reported caries at the level at which a filling or extraction was indicated or had been provided as this would have an impact on healthcare resources. We used summary measures of previous caries experience rather than whole scores of individual caries to give the best estimate of previous lifetime caries experience. A dose-response relationship, i.e., aggregate score of caries at the tooth or surface level was not appropriate because participants presented in the mixed dentition stage. Carious primary teeth may have exfoliated and caries in the secondary dentition may not have had sufficient time to develop. Accelerated linear growth and sexual maturation is associated with adiposity and primary teeth exfoliate earlier in overweight and obese children (29) . This could lead to false positive assessment of caries status.
Consideration was given to the possibility that caries diagnosis over the course of the study moderated the outcome (24), i.e., participants adopted behaviors to reduce their caries development. However, in this cohort previous caries experience was predictive of later caries development and progression (30) . This suggests that previous diagnosis of caries did not moderate the outcome.
The study population presented with a higher prevalence of caries than previously reported in the area. Children in the Relationship between dental caries and obesity E.P. Hall-Scullin et al.
North
West of England present with the worst prevalence and severity of caries in national dental epidemiological surveys at all age groups. In 2008/09, the estimates of 12 year olds with obvious decay ranged from 39.8 percent in the North West to 24.8 percent in the South East (national average 33.4 percent). The average number of teeth affected by caries was 0.48 in the South East and 0.95 in the North West (national average 0.74) (31). The higher caries prevalence in the study population could be explained by the older age group examined who continued to develop caries after 12 years and by the higher proportion of participants from a more deprived background. Deprivation is associated with increased caries development. The study area is among the most deprived localities in England. It includes some of the 10 percent most deprived areas in England and, as a whole, has become relatively more deprived since 2010 (32).
BMI category was used here because it is a recognized proxy measure of adiposity for large group screenings of adolescents (33) . It can produce false positive results because it does not differentiate between lean body mass and fat mass. Other diagnostic tools (skinfold thickness, waist/hip ratio or x-ray densitometry) more accurately measure weight status, but were not used here due to difficulties in implementation in a school setting and lack of comparable reference standards.
The prevalence of overweight/obesity in this study was lower than that reported by the national Health Survey for England (2015) . This cross-sectional annual survey provides health surveillance data on adiposity in childhood (2). The survey found that 32 and 36 percent of 11-to 12-year-old and 13-to 15-year-old males were overweight/obese, respectively. In females, 40 and 32 percent of 11-12 year old and 13-15 year old were overweight/obese (34).
The national survey also found that obesity was associated with deprivation (2); a finding we did not replicate. Previous analysis of the study cohort reported a significant association between caries and deprivation (30) . This may be due to the significant difference demonstrated between participants and non-participants at baseline; and approaching significance between participants at baseline and those lost to follow-up with less participation from those in the most deprived category. In this population, there may be different risk factors for caries and overweight/obesity related to socioeconomic status. So the association between deprivation and obesity in other populations may not be evident in this locality.
There have been reports that the relationship between weight category and caries is nonlinear (7), i.e., caries is associated with both overweight/obesity and underweight, but there were too few participants in the underweight category to allow further analysis.
Ideally, BMI category in late childhood would have been available for this population from baseline assessment. We have demonstrated that dental health studies in the future do not have to be limited to intra-oral examinations and can include additional general health measures. To explore whether the relationship between obesity and caries really does change in adolescence (9), future research could include residual confounding variables (caloric intake, sugar-and carbohydrate-intake, frequency of soft drinks, and BMI category at baseline) or effect modifiers (access to dental service and total fluoride exposure). This is particularly relevant as children move into adolescence and assume autonomy for their own behaviors and health modifiers (35) .
The study population had a high proportion of participants from an Asian or other background. It replicated the UK National Obesity Observatory findings that childhood (37) argued that the CRFA had been interpreted to narrowly within public health with a focus on addressing behavioral determinants rather than the wider socioeconomic determinants. This study does suggest that a CRFA focusing solely on behavioral changes to reduce sugar ingestion presupposes an association between caries and obesity, which was not obvious here, is unlikely to be effective to reduce the prevalence of both diseases and is overly simplistic.
Adolescent obesity may be caused by an increased consumption of cariostatic or anti-cariogenic foods including carbohydrates and dairy products, rather than a highly cariogenic diet. If children reduce free-sugar consumption, but they exceed their estimated average requirement (EAR) for energy, they will gain excess weight. The national UK Childhood Obesity: A Plan for Action (2016) does address the multifactorial determinants and this study adds to doubts raised about the effectiveness of the UK Soft Industry Drinks Levy (SDIL) to prevent both caries and obesity (38) .
Caries development in modern populations may be moderated by fluoride exposure and professional interventions, including fissure sealants that do not affect weight (14, 39) .
Conclusion
This study could not demonstrate an association between caries in late childhood and overweight/obesity in adolescence. Caries and obesity both have complex multifactorial etiologies and a CRFA to reduce the prevalence of both conditions based on reduced sugar ingestion is overly simplistic. This has implications for the future direction of public health policy and provision of dental services. Reducing the burden of diet related disease could be addressed by supporting behavioral change related to unhealthy food ingestion and lifestyle factors, however, a range of additional disease-specific interventions are required to prevent and reduce individual diseases as well as addressing the common social determinants. Focused evidence-based oral health strategies that include fluoride application (40) and fissure sealants (39) are recommended. A range of multi-disciplinary measures are recommended to address the complex causes of obesity and sustain long-term changes improvements in childhood health (41) .
